A 4-yr study was conducted on the preweaning growth rate and weaning traits of 620 calves from: (1) Angus (A), Brahman (B), Brangus (BR) and Africander-Angus (AF) dams sired by A and B bulls; (2) BR dams mated to BR sires and (3) AF dams mated to AF sires. Heifers were placed in the breeding pastures as 2-yr-olcls and exposed to bulls for 75 d. Breed groups differed (P<.01) in weaning age (WA), average daily gain to weaning (ADG), 205-d weight (WW), conformation score and condition score. The reciprocal (A x B and B X A) crossbred calves exceeded (P<.01) the straightbred A and B calves by 161 g (25.2%) in ADG, 36.6 kg (23.1%) in WW and 1.3 (16.7%) in condition score, but were not different in WA or conformation score. The WW of the A x B and B x A crossbred calves were similar, 194.6 and 194.2 kg, respectively. Calves sired by A bulls were born earlier (P<.01) in the year and had higher conformation and condition scores than calves sired by B bulls. Calves sired by B bulls from BR and AF dams exceeded (P<.01) the ADG and WW of calves sired by A bulls by 50 g and 15.6 kg, respectively. Calves from A dams were older (P<.01) at weaning and had higher conformation scores but gained less rapidly than calves from B dams. The BR calves ex- 
Introduction
The cow-calf producer is interested in breed, weaning weight, conformation and condition of calves because these factors, among others, influence calf value at weaning. Calf weaning weight is determined by birth weight, calf age at weaning and growth rate to weaning. In a review article, Cundiff (1970) reported that breeds perform differendy as sires or as dams in weaning traits. Recent reports by Smith et al. (1976) and Gregory et al. (1979) confirmed that breeds differ as sires or as dams in preweaning growth rate and in 200-d weight of calves.
Weaning weights of crossbred calves of the British breeds were superior to those of straightbreds in 12 of 13 experiments summarized by Warwick (1968) , with a weighted average advantage of 4.9%. Pahnish et al. (1969) reported that heterosis for preweaning daily gain and weaning weight amounted to 3.7 and 3.8% respectively, for crossbred steer calves and 2.9 and 1.9% for crossbred heifer calves of the Angus, Hereford and Charolais breeds. Higher levels of heterosis have been reported for crosses of the Bos indicus (Zebu) with the Bos taurus (European) than for crosses of the European breeds (Damon et al., 1959; Kincaid, 1962; Turner and McDonald, 1969; Cundiff, 1970) .
The purpose of the study was to compare the preweaning growth rate and weaning traits 241 JOURNAL OF ANIMAL SCIENCE, Vol. 54, No. 2, 1982 of straightbred and crossbred calves from sires and dams of Bos taurus and Bos indicus breeding and breeds derived from these matings in the Gulf Coast area. Heterosis for preweaning traits was estimated when possible.
Materials and Methods
The study was conducted at the Iberia Livestock Experiment Station, Jeanerette, Louisiana, where the climate is considered semitropical but frost occurs frequently from December through March 15. Rainfall averages about 1,500 mm/year, but these totals fluctuate, and amounts of rain often are excessive or insufficient for optimum plant growth. The soil is heavy clay, and some of the station is poorly drained. The land is characteristic of much of the area used for livestock production in the Gulf Coast.
Cows used in the study depend upon available forage consisting of dallisgrass, carpetgrass, bermudagrass and white Dutch clover through most of the year. In the winter, cows were fed dallisgrass-carpetgrass hay (IFN 1-01-137) or forage sorghum silage (IFN 3-04-322) and .9 kg of cottonseed meal (IFN 5-07-872) daily from mid-December until after calving. After calving, each cow and calf was moved to ryegrass and oat pastures. Cows were then moved to mixed grass-clover pastures between March 15 and April 15, depending upon forage supply. These pastures furnished high quality forage during April, May and part of June. Forage quality declined after June, but ample forage was available for the cows until mid-December.
The mating system used to establish the cows termed Brangus and Africander-Angus has been described by Baker and Black (1950) . These herds were closed to outside breeding in 1932. Vernon et al. (1964) further described the breeding program following the original development of these closed populations. Average inbreeding in relation to that of the original closed population was 9.8 for Brangus and 13.8% for Africander-Angus when the present study began. The cattle resemble the present day Brangus in many characteristics but all of them were not 5/8 Angus 3/8 Brahman and were not registered. The Brangus cows used in studies conducted by Damon et al. (1959) and Damon et al. (1961) came from this same population. The original Brahman dams in the study were obtained from various purebred breeders in Texas and Louisiana. The Angus cows came from a herd located at the Station or from the Beef Cattle Research Station, Front Royal, Virginia, 3 yr before the experiment was initiated.
The Brangus, Africander-Angus and Angus bulls used in the study were selected at the end of a 140-d feeding test by an index giving equal emphasis to lifetime rate of gain and conformation score. The Brahman bulls came from the purebred herd at the Louisiana State University, Baton Rouge, or were loaned to the Station by purebred Brahman breeders in LouisianaTwo-year-old Angus and Brahman heifers were randomly assigned to Angus and Brahman sires. Two-year-old Brangus and AfricanderAngus heifers were randomly assigned to Angus, Brahman and sires of the respective breed except that no full-, half-sib or son-dam matings were made.
Angus and Brahman sires were mated to Angus, Brahman, Brangus and Africander-Angus dams in single-sire breeding herds for 75 dl beginning on April 1 for the first 2 yr and on April 15 for the last 2 yr (table 1). At the same time, Brangus sires were mated to Brangus dams and Africander-Angus sires to AfricanderAngus dams to produce straightbred offspring. A total of four straightbred and six crossbred groups were compared.
Three Angus, three Brahman, two AfricanderAngus and six Brangus bulls were used each year. Only bulls with viable semen were used. Bulls were used for two consecutive breeding seasons. Dams in each of the breeds were randomly assigned to a sire breed group and generally remained with this group for 2 yr.
Heifers were first exposed to bulls at 2 yr of age; cows were not culled unless they were unsound, not lactating and were not pregnant in October, or were over 12 yr of age. All pregnant cows were weighed in late December; the average precalving weights of the four breeds of dams were Angus 443 kg, Brahman 442 kg, Brangus 472 kg and Africander-Angus
45s~.
In all 4 yr calves were weaned near the middle of September and averaged 219 + 2.7, 204 + 2.2, 208 +-2.5 and 196 -+ 3.0 d ofage at weaning in yr 1, 2, 3 and 4, respectively. The 205-d weight was computed as average daily gain x 205 plus birth weight. Calves were weighed and scored subjectively for conformation, which included breed type, muscling and body structure by a committee of three or more and for condition or amount of fat. The scoring system proposed by the S-10 Technical Committee (6 to 8 standard, 9 to 11 good, 12 to 14 choice) was used. Male calves were not castrated. Least squares means and differences for breed, sex, age of dam and year were computed as outlined by Harvey (1960) . Three Categories for age of dam, (3 yr, 4 yr, and 5 yr and older) were included in the model. The interactions of year x breed, year x sex, sex x breed and breed x age of dam were also included in preliminary analyses. None of the interactions except year x breed were significant. The data were then reanalyzed with all interactions, except year x breed, deleted from the model.
The breed group orthogonal constants with appropriate variance and covariance values from the inverse elements of the least squares analysis were used in the calculation of seven selected linear contrasts: (1) Angus vs Brahman sires mated to Angus and Brahman dams; (2) Angus vs Brahman sires mated to Brangus and Africander-Angus dams; (3) Angus dams vs Brahman dams; (4) Brangus dams vs AfricanderAngus dams with straightbred calves; (5) Brangus dams vs Africander-Angus dams when both breeds were raising crossbred offspring; (6) the effect of crossbreds vs straightbreds when the Brahman x Angus and Angus x Brahman reciprocal crossbreds were compared with the parent breeds for estimation of the amount and percentage of heterosis; and (7) crossbred offspring from Brangus and Africander-Angus dams vs straightbred offspring from these dams.
Results and Discussion
Analyses of variance and significance levels are shown in table 2. The least squares means for all factors studied except year are shown in Breed. Differences between breeds of calf (P<.05 to P<.01) were found in all traits studied. Straightbred Angus calves were the oldest at weaning and straightbred Brahman the youngest, with a difference of 29.1 d between the two groups. This difference in weaning age of the Angus and Brahman was consistent throughout the 4 yr study. Differences were observed in date of estrus in the Angus and Brahman cows, which influenced time of calving and subsequent calf age at weaning. Only 53% of the nonlactating Brahman cows showed estrus in the first 21 d of the breeding season, compared with 86% of the nonlactating Angus cows. Whether this absence of estrus was due to differences between the breeds in nutritional requirements, temperature or day length could not be determined. The gestation period determined from actual breeding date to calving date for the straightbred Brahman cows was 11 d longer than that for the Angus cows, which also caused Brahman calves to be younger than Angus at weaning. Pregnancy rates/service were also higher for Angus than for Brahman bulls.
Calves from Brahman sires and the four breeds of dam were younger at weaning than calves from Angus sires and the same breeds of dam (table 3) . This younger weaning age was caused by a lower pregnancy rate/service (Reynolds et al., 1979) , a longer gestation period and a higher than average death loss among the Brahman (Reynolds et al., 1980) , Brahman x Brangus and Brahman x AfricanderAngus calves that were born near the beginning of the calving season than among the Angus-sired calves. Brahman-sired calves chilled easily at birth, and death losses were high in adverse weather conditions. The experiment was conducted in conditions more favorable for breeding and for calving for the Angus breed than for the Brahman. Little information is available on the performance of the Brahman breed when calving occurred in temperatures that are more favorable for Brahman calf survival.
The fact the Brangus calves had the most rapid growth rate (748 g) and the highest 205-d weight (181.9 kg) of any of the straightbred calves studied shows excellent maternal ability of Brangus dams. Crossbred calves from Brangus dams (table 4) gained 66 g more/day (P<.01) and had a 12.3 kg higher 205-d weight (P<.01) than crossbred calves from Africander-Angus dams. Damon etal. (1959) found that Brangus cows weaned heavier calves than Angus, Hereford or Brahman cows.
No differences (P>.05) due to sire were found in the growth rate or 205-d weight of calves from Angus or Brahman sires mated to Angus and Brahman dams (table 4); however, the mating of Brahman sires to Brangus cows to obtain a crossbred calf increased growth rate by 39 g (5.2%) and 205-d weight by 11.7 kg (6.4%). The mating of Brahman sires to Africander-Angus dams to obtain a crossbred calf increased calf growth rate by 59 g (8.8%) and 205-d weight by 16.8 kg (10.0%). Turner and McDonald (1969) found that the growth rate and weaning weight of calves sired by Brahman bulls exceeded those of calves sired by Angus bulls bred to Angus, Brahman, Brangus and Hereford dams. Gregory et al. (1979) found that Brahman-sired crosses had a significantly higher 200-d weight than Hereford-, Angus-, Sahiwal-, Pinzgauer-and Tarentaise-sired crosses.
The mating of Africander-Angus dams to Brahman bulls increased calf growth rate slightly more than the mating of Brangus dams to Brahman bulls. The mating of Angus bulls to these breeds of dam did not increase calf growth rate. This lack of response in growth rate shows a difference in combining ability of selected breeds in a crossbreeding program.
The calves sired by Angus bulls from Brangus or Africander-Angus dams had the same daily gain as straightbred Brangus or AfricanderAngus (table 3) but a higher condition score at weaning. A greater deposition of fat and less deposition of muscular tissue or bone occurred in the Angus-sired calves. Calves sired by Brahman bulls from Brangus dams, however, grew faster than the straightbred Brangus calves but had similar condition scores (P>.05). Body composition was also different in the purebreds. The Angus gained at a slower rate than the Brahman, but had more condition than the Brahman calves at weaning. This shows that there were differences in percentage of fat, lean and bone between the two breeds. These resuits may be due to differences in stages of maturity of the two breeds at this age.
Straightbred Angus calves had higher conformation scores than any of the other straightbreds (table 3) . Calves sired by Angus mated to Brangus and Africander-Angus dams scored 1.8 higher (P<.01) in conformation than calves sired by Brahman mated to dams of the same breeds (table 4) . Calves from Angus dams had higher (P<.01) conformation scores than calves from Brahman dams, however, there was little difference in the conformation scores for the two reciprocal crossbred groups. Straightbred Brangus calves exceeded the straightbred Africander-Angus calves (P<.01) in conformation score but scores were identical for crossbred calves from these two breeds. Crossbred calves from these dams, however, exceeded straightbreds by .5 in conformation score, (P<.05, table 4). Turner and McDonald (1969) reported higher conformation scores for Angus-sired than for Brahman-sired calves.
Heterosis. The reciprocal (Brahman X Angus) and (Angus x Brahman) crossbred calves gained 161 g (25.2%) more (P<.01) daily (table  4) , weighed 36.6 kg more (P<.01) at 205 d of age (23.2%), and had a 1.3 higher (P<.01) condition score (16.7%), than the straightbred Angus and Brahman calves. The conformation scores for the reciprocal crossbreds and the straightbreds were the same (table 4).
These levels of heterosis are higher than those previously reported for British-Brahman crosses (Damon et al., 1959; Chapman et al,, 1970; Cundiff, 1970) and by (Long et al., 1979a,b) for diallel crossing systems involving the British-Brahman breeds for weight at 270 and 360 d of age. Heterosis levels are much higher than those reported for British x British crosses (Pahnish et al., 1969; Cundiff, 1970) . Long (1980) reported average heterosis exhibited for average daily gain to weaning was 3 to 8% (mean = 4%) and the average heterosis for weaning weight ranged from 3 to 16% (mean = 5%) in a review of crossbreeding studies. The results of the present study indicate that heterosis is at a maximum when a European breed is crossed with a Zebu breed under conditions where neither breed is well adapted.
Because breed of sire and breed of dam effects were evident, selection of particular breeds for specific traits is needed. These data show that heterotic advantages are strongly influenced by breed composition. Future studies should concentrate on differences in specific crossbreds and breeding systems and not on determination of the level of heterosis.
